Abstract. A classical lattice gas model with translation-invariant nite range competing interactions, for which there does not exist an equivalent translation-invariant nite range nonfrustrated potential, is constructed. The construction uses the structure of nonperiodic ground state con gurations of the model. In fact, the model does not have any periodic ground state con gurations. However, its ground state -a translation-invariant probability measure supported by ground state con gurations -is unique.
Introduction
Low temperature behavior of systems of many interacting particles results from the competition between energy and entropy, i.e., the minimization of the free energy. At zero temperature this reduces to the minimization of the energy density. Con gurations of a system which minimize its energy density are called ground state con gurations. One of the important problems of statistical mechanics is to nd ground state con gurations for given interactions between particles. If we can nd a con guration such that potential energies of all interactions between particles are minimal then we can conclude that it is a ground state con guration. It is then said that such a model is not frustrated. Otherwise, we may rearrange potentials and construct an equivalent Hamiltonian which may not be frustrated and which will enable us to nd ground state con gurations. Here I present a classical lattice gas model with translation-invariant nite range competing interactions for which there does not exist an equivalent translation-invariant nite range nonfrustrated potential. In other words: the global minimum of energy is not the sum of its minima attained locally in space. More precisely, one cannot minimize the energy density of interacting particles by minimizing their energy in a nite box and all its translates, no matter how large is the box. 
2 + 2 = a r + b rg + c g + d g + e g + f gr + g r + h r + i r ;
2 + 2 = a r + b r + c r + d rg + e g + f g + g g + h gr + i r ; (3) where on the right hand sides we have nonnegative contributions to energy due to a hypothetical m-potential and coming from regions labelled in the upper left corners of the squares in Fig.6 ; subscripts correspond to con gurations of optional markings with r denoting red and g denoting green.
Now, set = ?1+ =2: From (2) we obtain a r and b rg +c g +d g +e g , and from (3) f g + g g + h gr : Then it follows from (1) that a r 2 ? 3=2 which contradicts a r if < 4=5: This contradiction rules out the existence of an equivalent translation-invariant nite range m-potential. 2 
Conclusions
A classical lattice gas model with translation-invariant nearest neighbor competing interactions is constructed. Its unique translation-invariant ground state measure is supported by nonperiodic ground state con gurations. There are local excitations in the model such that the energy is locally lower than that of a ground state con guration and one pays for it arbitrarily far away.
This shows that by grouping interactions in big plaquettes, like in the antiferromagnetic model on the triangular lattice, one cannot construct an equivalent nite range m-potential. More generally it is proved that such a potential actually does not exist. The model is therefore intrinsically frustrated.
Let us note that in the antiferromagnetic model a spin on an elementary triangle is frustrated because it faces a choice of direction. Its both choices can be present in a ground state con guration making therefore a ground state highly degenerate. In our example a particle may choose a local minimum of energy and then it appears that this does not lead to a ground state con guration.
